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(57) Abstract: An electrophotographic (EP) image-forming device and related method are provided for on-line quantitative assess- 
25 ment of the image information and development process. The EP image-forming device has a primary charger (1 18), an exposure 
^ device (120), a toning station (125), a transfer charger (130), a fusion station (140), and a cleaner (150) operatively disposed about 

the photoconductor. A transmission densitometer (165, 170) is positioned adjacent to the photoconductor. The densitometer de- 
2 tannines the photoconductor density and the combination photoconductor and toner density for each step area on the image frame. 

The density readings are stored in memory. The photoconductor densities are subtracted from the combined densities to provide 
Q measured toner densities, which are then averaged for each step area. The average measured toner densities or voltage readings are 
J> compared to the aim toner densities or voltage readings for each step in the step tablet to quantitatively assess the image quality of 
^ the image-forming process. Preferably, every image frame on the photoconductor is assessed successively. 



WO 02/10860 



PCT/USOl/21524 



IMAGE-FORMING DEVICE HAVING ON-LINE IMAGE 
QUALITY ASSESSMENT AND RELATED METHOD 



FIELD OF THE INVENTION 

This invention relates generally to image forming devices and methods 
having image quality diagnostics. More particularly, this invention relates to 
electrophotographic image-forming devices and methods having image quality 
assessment by on-line measurement of toner density. 

BACKGROUND OF THE INVENTION 

Electrophotographic image-forming devices are used to transfer 
images onto paper or other medium. Generally, a photoconductor is 
selectively charged and optically exposed to form an electrostatic latent .mage 
on the surface. Toner or other developing material is deposited onto the 
photoconductor surface. The toner is charged, thus adhering to the 
photoconductor surface in areas corresponding to the electrostatic latent 
image The toner image is transferred to paper or other medium. The paper 
usually is heated for the toner to fuse to the paper. The photoconductor ,s 
then refreshed - cleaned to remove any residual toner and charge - to make 

it ready for another image. 

In many electrophotographic image-forming devices, an output copy of 
a test reference is visually inspected to evaluate the image formation and 
development process. The test reference is essentially a "perfect" image of 
the desired output of the electrophotographic image-form.ng dev.ce. A 
service technician makes a copy of the photographic test reference and 
oompares the copy to the test reference. If image quality is unacceptable, the 

toner density is adjusted. 

The toner density amongst other factors affects the output image 
quality. Mechanical damage to any of the electrophotographic subsystems 
may introduce artifacts. The lifetime of consumables may degrade 
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performance. Material fatigue may affect the spatial distribution of the toner 
(the image may have the correct toner density, but not be in focus). 

The test reference approach provides a qualitative assessment of the 
image quality, which provides an inferential evaluation of the toner density on 
the photoconductor. The toner density is adjusted to adjust the image quality. 
While the image quality may visibly appear to be fine, service, maintenance 
and other problems may not be readily visible especially in the early stages. 
Generally, such problems have to become Visible" before a user or service 
technician knows the problem exists. 

In addition, the test reference approach also is not well suited for 
performing maintenance and service routines. Some variations in toner 
density, while sufficient to for proper maintenance and service, may not be 
visible. Due to its qualitative nature, the test reference approach has varying 
results depending on the service technician's experience level, training, and 
other subjective factors. As a result, the test reference approach causes 
maintenance and service routines to be performed prior to or later than the 
time they are needed. Also, service problems and maintenance are not early 
identified. Consequently, the image-forming device experiences unexpected 
downtime and additional repair and maintenance costs. 

The use of greyscale tone reproduction magnifies the difficulties of 
using this test reference approach to assess the image formation and 
development process. In greyscale tone reproduction, the toner is applied in 
variable amounts from no toner to maximum toner to create an image. The 
density of the toner determines whether a portion of the image is black, white, 
or one of various shades of grey. These variations in toner density make the 
quantitative evaluation of greyscale electrophotographic processes by visual 
inspection virtually impossible. 

To avoid the difficulties associated with visual inspections of the test 
reference, commercially available lightness meters and densitometers provide 
off-line visual evaluation and measurement of the printed density. However, 
these techniques require additional equipment and additional set-up time to 
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use the equipment. They tend to extend or delay service calls and also are 
inferential evaluations of the toner densities on the photoconductor. 

Accordingly, there is a need to provide an on-line, quanf.tat.ve 
assessment of the image quality in an electrophotographic image-forming 



device. 



BRIEF SUMMARY OF THE INVENTION 

The present invention provides an electrophotographic (EP) image- 
forming device and related method for on-line quality assessment of the 
image formation and development process. The EP image-forming dev.ce 
and method quantitativelyassess the density of the toner applied to the 
photoconductor. 

' A toner density map of the entire photoconductor is provided in one 
aspect of the present invention. The EP image-forming device has a 
reference system for locating positions on the surface of the photoconductor. 
The reference system uses a reference point on the photoconductor and a 
sequencer to determine locations from the reference point along the length or 
circumference of the photoconductor. 

The reference system identifies the locations of density measurements. 
For every density reading taken, there is a reference position. In this manner, 
the density readings are taken and evaluated at the same location. The 
measured toner densities for different .ocations may be assembled to prov.de 
a density map of the toner on the photoconductor. 

The EP image-forming device has a photoconductor mounted to rotate 
on support rollers. A primary charger, an exposure device, a toning station, a 
transfer charger, a fusing station, and a cleaner are operatively disposed 
about the photoconductor. A transmission densitometer has a hght emrtter 
and a light collector, which are operatively disposed adjacent to the 
photoconductor. The densitometer also is connected to a microprocessor 
having a memory. The microprocessor in turn is connected to input and 
output interfaces. While single components are illustrated, there may be 
multiples of any components including the densitometer. 
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In the EP image-forming device of the present invention, an image 
frame on the photoconductor is charged. A step tablet or test image is 
optically exposed to form an electrostatic image on the image frame. 
Preferably, the step table is for greyscale tone reproduction. The electrostatic 
image has step areas corresponding to the steps of the step tablet. The toner 
station is disabled so there is no toner application at this time. 

The photoconductor density is determined for each step area of the 
step tablet on the image frame. Preferably, five or more photoconductor 
density measurements are taken of each step area by the transmission 
densitometer. 

The densitometer measures a voltage reading corresponding to the 
amount of light energy passing through the photoconductor on an optical path 
between the light emitter and light collector. The voltage reading corresponds 
to the density of the toner. The photoconductor voltage readings are stored 
separately in memory, with each photoconductor voltage reading identified as 
to its location on the photoconductor. 

The image frame is charged for a second time. The transfer station 
and fusing device are momentarily disabled so the photoconductor passes 
without any interaction. The cleaner removes any charge from the 
photoconductor. 

The step tablet is optically exposed to form an electrostatic image on 
the image frame for a second time. The electrostatic image has step areas 
corresponding to the steps of the step tablet. These step areas are the same 
as when the photoconductor voltage readings were taken. 

The toner station deposits toner on the image frame. The toner forms 
a toner image corresponding to the electrostatic image, which corresponds to 
the step tablet. 

The combined photoconductor and toner density is determined for 
each step area of the step tablet on the image frame. Again, preferably, five 
density measurements are taken of each step area by the transmission 
densitometer. These combined voltage readings also are stored separately in 
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memory, with each combined voltage reading again identified as to its iocation 

on the photoconductor. 

The average measured toner density is ascertained for each step area 
of the image frame. For each step area, the photoconductor voltage reading 
is subtracted from the combined voltage reading at the same locat,on to 
provide a measured toner voltage reading or density for that iocation. The 

measured toner voltage readings are averaged for each step in the step tablet 
to provide an average measured toner voltage reading for each step. 

The average measured toner voltage readings are compared to the 
aim toner voltage readings for each step in the step tablet. The aim toner 
voltage readings are according to the manufacturer's specifications for the 

EP image-forming device. 

The measured toner voltage readings are indicative of the toner 
density Too high a measured toner voltage reading means there is too much 
toner Conversely, too low a measured toner voltage reading means there .s 
too little toner being applied, in either case, the toner application may be 
adjusted and retested until the measured toner voltage reading equals or ,s 
within an acceptable range of the aim toner voltage. 

Preferably, every image frame on the photoconductor >s assessed 
successive .f each the image frame on the 

then the average measured toner voitage reading is representee of the step 
onthesteptabletforanentirerevolutionofthephotoconductor. 

The present invention quantitatively assesses the image qualrty of an 
EP image-forming device, using a reference system to provide a toner densrty 
map ofthe toner on the surface of the photoconductor. Actua or measured 
densities of toner are compared with aim densities according to the 
manufacture-sspecifications and independent of the operates ***** 

nf the imaae quality in an EP process. 

and bene** of the invent. More advantages end bene* are obvrous from 
«„ description and may be learned by prac.ce of the invention. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

The present invention may be better understood when read in 
connection with the accompanying drawings, of which: 

Figure 1 shows a block diagram of an electrophotographic image- 
forming device according to the present invention; 

Figure 2 shows a step tablet for an electrophotographic image-forming 
device according to the present invention; 

Figure 3 is an output chart showing an example comparison of aim and 
measured toner voltages according to the present invention; and 

Figure 4 shows a flowchart showing a method of on-line image quality 
assessment according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows a block diagram of an electrophotographic (EP) image- 
forming device 100 according to an embodiment of the present invention. The 
EP image-forming device 100 has a photoconductor 105 operatively mounted 
on support rollers 110 and motor 115, which moves the photoconductor 105 in 
the direction indicated by arrow A. The EP image-forming device 100 also 
has a primary charger 1 18, an exposure device 120, a toning station 125, a 
transfer charger 130, a fusing station 140, and a cleaner 150 operatively 
disposed about the photoconductor 105. While the photoconductor 105 has 
a belt and roller-mounted configuration, the photoconductor 105 may be 
mounted using a drum or other suitable configurations. While particular 
configuration and arrangements are shown for the EP image-forming device 
100, the present invention may use other configurations and arrangements 
including those with additional features. 

The EP image-forming device 100 also has a densitometer 160 
connected to a light emitter 165 and a light collector 170. The densitometer 
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160 is connected to a microprocessor 175 having a memory 180. The 
1 coprooessor ,75 b oonnaoted to an inpu, interface 185 and an oolpul 
ZZ. 190. me microprocessor 175 may be conned ,o common^ 
ZZ, microprocessors in Ihe EP imaging devloe 100. 
C1 185 m y be a Keyboard, a touch soeen. or ,be ,*e. The ordpu, 
ZZ 190 ma be a P-1n te r, a cadrode my mbe (CRT) - 
Lnpuland ordpullntorfaces^. 190 may be die same component There 

m aybemultipiedensitometersas«e»asothercomponen1s. 

y Monerdens^mapollheenlireph^oclorlOO.p™^ n 

one aspect of me presen. invention. The EP .mage-fomang dev,ce 100 has a 

The process patch o ^ ^ provjdjng ^ ^ 

========== 

»nt* For every density reading taken, there is a reference 

Ph0,< Tu U se d °hI primary sharper 1 18 eiecdostadcai* charges an imape 
frame on me'surfeoe of die photocenduclor 105. The image frame 
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corresponds to the size of image to be formed and may effectively cover the 
entire surface of the photoconductor 105. Preferably, the photoconductor 105 
is designed to have multiple image frames. 

The photoconductor 105 is rotated to pass the charged image frame 
under the exposure device 120. The exposure device 120 optically exposes 
the charge image frame to create an electrostatically latent image on the 
photoconductor 105. 

The photoconductor 105 rotates to pass the electrostatic image under 
the toning station 125. The toning station 125 deposits toner or another 
developing material onto the surface of the photoconductor 105. The toner is 
charged, thus adhering to the electrostatic image. While a dry toner is 
described, a liquid or similarly suitable developing material may be used. 

The photoconductor 105 rotates to pass the electrostatic image under 
the transfer charger 30. The transfer charger 120 transfer the electrostatic 
toner image from the photoconductor 105 to paper or other another medium 
selected to hold the image. The paper S is dispensed from the paper supply 
and passes between the transfer charger 120 and the photoconductor 105. 
The paper S passes through the fusing station 140, where the toner fuses 
onto the paper. 

The photoconductor 105 rotates to pass the image frame through the 
cleaner 150. The cleaner removes any residual toner and charger, thus 
refreshing the photoconductor for another image. While these operations are 
described apparently in steps, they preferably occur sequentially and 
continuously as the photoconductor rotates through a cycle. 

The densitometer 160 is connected to the light emitter 165 and the light 
collector 170. The light emitter 165 and light collector 170 are oppositely 
disposed adjacent to the photoconductor 105 and downstream from the 
developer 1 15 - after the position where toner is applied. Preferably, the light 
emitter 165 is adjacent to the surface where the toner is applied. 

The densitometer 160 is shown preferably as a transmission 
densitometer. However, a reflection densitometer may be used as well as 
any other density measuring device for measuring the toner densities on the 
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photoconductor 105. If a reflection densitometer were used, the pos.t.ons of 
the light emitter 165 and the light collector 170 would need to be changed 
appropriated The density measuring device may not require the light emrtter 
165 and light collector 170. 

The optical path of the light emitter 165 to the light collector 170 passes 
through the photoconductor 105. The densitometer 160 produces voltage 
readings proportional to the absorption of light in the optical path. The voltage 
readings are indicative of the density of the photoconductor 105 and/or any 
toner on the surface. The voltage readings from the densitometer 160 are 
biased toward higher voltages as the opacity of the photoconductor 105 
increases; i.e.. as the amount of toner increases on the photoconductor 105. 
Terminate the variability of the photoconductor 105, voltage rea ,ngso e 
photoconductor without toner may be subtracted from voitage readings of the 
photoconductor with toner. The densitometer 160 provides the voltage 
readings to the microprocessor 175. 

The microprocessor 175 provides the voltage readings to the output 
interface 190. The voltage readings may be stored in the memory 180 for 
further analysis and/or later transmission to the output interface The voltage 
readings may be transmuted as received from the densitometer 160 or may 
be amp.rf.ed or otherwise augmented to improve the transmiss.cn to the 
output interface 190. The microprocessor 175 also may convert the 
re lgs into other appropriate factors such as a density or th,ckness or the 
r e "n addition, the microprocessor 175 receives commands and instructions 
throuah the input interface 185. 

,„ fte pLnt invention, *e eteCrophotographtc image-forming dev.ce 
,00 assesses .he eleclopholographic process to determine whether the toner 
Tnly and hence the image ,u* is in accordance -i the manner s 
rl«ons. The EP image-torming device 100 vedf.es whether the dens* 
£ toner on the photoconductor 105 responds to the density reared 
* *e lonescaie In ft. specifications, in a grayscale tone <*>>»"* 
process, the toner dens«i.s va„ according to steps. In this case, the toner 
densities of the various steps are assessed. 
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Figure 2 shows a step tablet 200 for assessing the various densities of 
toner in a greyscale tone reproduction system. The step tablet 200 is an 
image with successive tones corresponding to the steps of toner density 
associated with a particular electrophotographic image-forming device. For 
example, the step tablet in Figure 2 shows 16 steps ranging from no exposure 
(no toner) 210 to maximum exposure (maximum toner) 220. 

To assess the electrophotographic process, the EP image-forming 
device 100 prints at least one image of the step tablet. Preferably, the 
number of images corresponds to the number of image frames that fit along 
the length or circumference of the photoconductor. If more than one image is 
printed, the images are successively printed. By successively printing a 
number of images corresponding to the number image frames on the 
photoconductor, the entire surface of the photoconductor may be assessed. 
Preferably, six image frames are provided on the photoconductor 105. 
Accordingly, the EP image-forming device 100 prints six successive images to 
assess the EP process. In addition, a process patch (not shown) is located at 
an inter frame area of the photoconductor 1 05. The process patch is exposed 
to the maximum toner density, Dmax-density . or any true density. 

Printed output of the EP image-forming device 100 is not necessary as 
long as toner is applied to the photoconductor 105. However, the printed 
output is incidental to the operation of the EP image-forming device 100. The 
printed images permit visual evaluation and off-line measurement of the 
printed density with commercially available lightness meters and 
densitometers. Moreover, the printed output also allows a user or service 
technician to identify other image quality problems not associated with toner 
density such as photoconductor scratches, and mechanical or electrical 
problems in the development process. 

The steps of the step tablet correspond to the step areas on the image 
frame. Each of the step areas has a specified location determined by the 
reference system. While the printing process is in progress, the densitometer 
160 takes at least one density reading of each step area of each image frame. 
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The density reading is e voltage reeding as the tight emiher 165 di.ec* 
m through the tone, end photoconductor 105 to the Bght 
Beder ladings are obtained by improying the signal-tc-noise *k each 
s tep. MM the opto, pad. covera 0.5 inch of the photoconductor 
apL-P^at^^d^^orvc^^aara^no^ch 

stapareaineachimagefreme. The five reading* are taKen ,n dve dtnaren, 

,oca«ons of the photoconduCor, but all within .he same step area. More 

taadings increased* accuracy ofthafinal vofiage/densK, readrngs. These 

o»age readings are indicative o, «he optica, pnopadias, i.e., the danady, oMhe 

photoconductor 105 with toner. The combined vodage readrngs are stored 

separately by the microprocessor 175 in the memory 180. 
^ToaLate^v^iayo-mepho^nduoUrrlO^denady 

me asu,emen.s are also dona without any toner applied to the photoconduCor 
Z : ;eae densnymaasuremanls a. preferably «a te npdor,o«ie ensdy 

me asuremen1s when toner is applied. Using the reference system, the 
rZlduotordensity.delennined for each s teP area and subsapuen, 

density readings of the photoconductor and toner. 

F orexalple,sixsuooessiva.mageaare«eno,«hes,ep,ab te «.The 

toning s^krn is temporenMisabled. The six images complele one 
ravoiln of the photoconductor 105. Since no toner ,s apptod a blank or 
H image ma, be used as long as Ihese 

are in conesponding step areas on die image frame where die step table, 

readings with toner are taken. 

The densitometer «es a. leas, one, preferably five, photoconductor 

voltage readings ofeach step area in each image frame. The £ 

are In ,n five difreren, locadons of die photoconductor but » w*,n the 

vofiage readings correspond to ft. opttoel charactens.cs. ,.e„ die dens,ty, 
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the photoconductor 105. The photoconductor voltage readings are stored in 
the memory 180. 

To obtain the densities of the toner in each step of the step tablet, the 
photoconductor voltage reading is subtracted from the matching combined 
voltage reading for same step area in the same image frame (the reference 
system identifies the voltage readings for the same location). The result is a 
measured toner voltage reading for each step in each image frame. The 
measured toner voltage reading is indicative of the toner density within that 
particular step area for that particular image frame. Similarly, the measured 
toner voltage reading for the process patch is obtained, which is indicative of 
the maximum toner density. 

The measured toner voltage readings for a particular step area in all of 
the image frames are averaged to give an average measured toner voltage 
reading for the particular step in the step table. For example, if there are five 
measured toner voltage readings for each step in each image frame and there 
are six image frames, the 30 measured toner voltage readings are averaged 
to provide an average measured toner voltage for that step area - which is 
indicative of the toner density for that particular step of the step tablet over 
one complete revolution of the photoconductor 105. The process patch is 
similarly averaged to give the measured toner voltage reading for the 
maximum toner density, Dmax-density , or any true density. These measured 
toner voltage readings correspond to the optical characteristics of the toner 
and hence its density. 

An example of a summary for a typical result of such averages over six 
successive frames for all steps including the process patch is shown in Figure 
3. According to one aspect of the present invention, the printed frames are 
valuated successively. A frame-by-frame analysis based on an average of 
five readings per step can determine localized defects in the photoconductor 
causing the density of one or more steps not to be at the desired aim value. 

The average measured toner voltage reading for each step is 
compared to an aim toner voltage reading for the step. The aim toner voltage 
reading corresponds to the manufacturer's specification for the toner density. 
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The measured toner voltage readings are indicative of the toner density. A 
measured toner voitage reading higher than the aim toner voitage reading 
means there is too much toner being applied for that step in the step tab.et. 
Conversely, a measured toner voltage reading lower than the aim toner 

step tablet. In either case, the toner application may be adjusted and rested 
until the measured toner voltage reading equals or is within an acceptable 
range of the aim toner voltage. 

The microprocessor 175 provides the measured toner voKage read.ngs 
to the output interface 190. The measured toner voltage readings may be 
provided in a chart similar to Figure 3 for comparing the measured toner 
voltagereadingstotheaimtonervoltagereadings. The measured toner 
voltage readings may be stored in the memory 180 to provide histono test 
data or downloaded to a data storage device (not shown). 

The assessment of the electrophotographic process maybe performed 
asastand-a.one diagnostic routine or as part of a larger diagnostic roufne 
Users and service technicians may initiate the assessment through t e ,nput 
interface 185. The assessment also may be initiated as part of a self-check 
routine with a warning signa. to the user If any discrepancies are found 
between the measured and aim toner voltage read.ngs. 

Figure 4 shows a flowchart of the method for an on-line .mage qualrty 
assessment of an EP image-forming device according to the present 
invention. ,n Step 410, an image frame on a photoconductor, charged or 
Lrsttime. The photoconductor may haveabelt and roller, drum, or other 
suitable configuration. 

,„ step 420, a step MM or .est image Is optic* exposed to form an 
ecstatic image on the image trame for a firs, tone. Preferably, 
table ia for grayscale tone reproduction end has 16 densrty steps. The 

tablet Thaprooesepatohisslmiladyexpoaed. 

so the photoconductor passes without any toner application. 
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In Step 430, the photoconductor density is determined for each step 
area of the step tablet on the image frame. Preferably, five photoconductor 
density measurements are taken of each step area by a transmission 
densitometer, which has a light emitter and a light collector operatively 
disposed adjacent to the photoconductor. The densitometer measures the 
density as a voltage reading corresponding to the amount of light energy 
passing through the photoconductor on an optical path between the light 
emitter and light collector. The photoconductor voltage readings of the 
process patch are similarly made. The photoconductor voltage readings are 
stored separately in memory, with each photoconductor voltage reading 
identified as to its location on the photoconductor. Other density measurement 
means may be used in place of the densitometer. The transfer station and 
fusing device are disabled so the photoconductor passes without any 
interaction. The cleaner removes any charge from the photoconductor. 

In Step 440, the image frame is charged for a second time. 

In Step 450, the step tablet or test image is optically exposed to form 
an electrostatic image on the image frame for a second time. As in Step 420, 
the electrostatic image has step areas corresponding to the steps of the step 
tablet. The step areas in Step 450 are the same as the step areas in Step 
420. 

In Step 460, the toner station is activated to deposit toner on the image 
frame. The toner forms a toner image corresponding to the electrostatic 
image, which corresponds to the step tablet. The process patch also receives 
toner. 

In Step 470, the photoconductor and toner density is determined for 
each step area of the step tablet on the image frame. Preferably, five density 
measurements are taken of each step area by a transmission densitometer in 
a similar fashion as Step 430. The densitometer measures the density as a 
voltage reading corresponding to the amount of light energy passing through 
the photoconductor and toner on an optical path between the light emitter and 
light collector. These combined voltage readings also are separately stored in 
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me mory, m ea* combined voltage jading again identified as to its tocation 

on the photoconductor. 

in Step 475, Steps 410 through Steps 470 are repeated if the 
photoconductor has more than one image frame, Preferably, Steps 410 
through Steps 470 are repeated in parallel for each image frame. For 
eZe, the imageframes are charged success^ in Step 410 The ,mage 
frames are exposed to the step tablet successively in Step 420, and so on. In 
this manner, the toner density may be assessed for the entire length or 
circumference of the photoconductor. 

in Step 480, the average measured toner density is ascerta.ned for 
each step of the step tablet (if there is more than one image frame, « • done 
for all of the image frames). For each .ocation on the image frame, the 
photoconductor voltage reading is subtracted from the combined voyage 
reading to provide a measured toner voltage reading or densrty for that 
r^ion. The measured toner vortage readings are averaged for each step ,n 
the image frame to provide an average measured toner vortage reading for 
eachstep. If each image frame on the photoconductor is assessed, then he 
average measured toner voltage reading is representative of the step on the 
step tablet for an entire revolution of the photoconductor. _ 

in Step 490, the average measured toner vortage read.ngs or densrt.es 
are compared to the aim toner voltage readings or densities for each step ,n 

he step tablet. The measured and aim toner voltage readings are presented 
!n the output interface in tabie format simi.ar to the example shown in F,gure 
3 The aim toner voltage readings are according to the manufacturer s 
specifications for the EP image-forming device. 
" Arternativeiy, the photoconductor may bypass Step 440 (charging a 
second time) and Step 450 (optically exposed a second time). After the 
rriLr densities are determined (Step 430), the photoconductor may 
otate to the toning station wrthout interaction from the other process.ng 
tponents. The photoconductor could rotate pastthe other componen or 
C J reverse to pass through the toning 

be applied. However, reversing the photoconductor does create addrt,onal 
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operating complexities if the photoconductor has multiple image frames. 
Additionally, a second densitometer may be provided prior to the toning 
station to obtain the photoconductor densities prior to application of the toner. 

While the invention has been described and illustrated, this description 
is by way of example only. Additional advantages will occur readily to those 
skilled in the art, who may make numerous changes without departing from 
the true spirit and scope of the invention. For example, the voltage readings 
may be used to determine area specific problems with the photoconductor. 
The voltages readings may be used, for example, to determine whether a 
specific step area has a surface or other problem. The operator could review 
each of the measured toner voltage readings and the other voltage readings. 
Additional statistical analysis could be provided to identify problem areas. 
Therefore, the invention is not limited to the specific details, representative 
devices, and illustrated examples in this description. Accordingly, the scope 
of this invention is to be limited only as necessitated by the accompanying 
claims. 
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WHAT IS CLAIMED IS: 

1 . An image-forming device having on-line image quality 

assessment comprising: 

a photoconductor having a surface; 

a charger operatively adjacent to the photoconductor, the 
charger to electrostatically charge an image frame on the surface of the 

photoconductor; 

an exposure device adjacent to the photoconductor, the 
exposure device to optically expose a test image, wherein an electrostatic 
image of the test image is formed on the image frame; 

a toning station adjacent to the photoconductor, the toning 
station to apply toner onto the image frame, the toner having a charge to 
adhere to the electrostatic image on the image frame; and 

a density measuring device adjacent to the photoconductor, the 
density measuring device to determine at least one measured toner density of 

the toner on the image frame, wherein the at least one measured toner 
density is compared to at least one aim toner density corresponding to the 
test image. 

2 An image-forming device according to Claim 1 , wherein the 
density measuring device is a densimeter providing voKage readings 
corresponding to the densities. 

3. An image-forming device according to Claim 2, wherein the 
densitometer is a transmission densitometer. 

4. An image-forming device according to Claim 1 , wherein the 
density measuring device comprises: 

a first densitometer operatively disposed to measure at least 

one photoconductor density; and 

a second densitometer operatively disposed to measure at least 

one combined photoconductor and toner density, 
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wherein the at least one measured toner density is the 
difference between the at least one photoconductor density and the at least 
one combined photoconductor and toner density. 

5. An image-forming device according to Claim 1 , 

wherein the density measuring device measures at least one 
photoconductor density and at least one combined photoconductor and toner 
density, and 

wherein the at least one measured toner density is the 
difference between the at least one photoconductor density and the at least 
one combined photoconductor and toner density. 

6. An image-forming device according to Claim 1, 

wherein the test image is a step table having at least one step 
corresponding to at least one step area on the photoconductor, 

wherein the at least one measured toner density is of the at 
least one step area, and 

wherein the at least one aim toner density corresponds to the at 
least one step of the step tablet. 

7. A method for on-line image quality assessment of an image- 
forming device having a photoconductor and an on-line density measuring 
device, comprising the steps of: 

(a) charging a surface of the photoconductor; 

(b) optically exposing the surface to a test image, wherein an 
electrostatic image forms on the surface, the electrostatic image 
corresponding to the test image; 

(c) depositing toner on the photoconductor, wherein the 
toner forms a toner image on the surface, the toner image corresponding to 
the electrostatic image; 

(d) determining at least one measured toner density with the 
on-line density measuring device for at least one location on the 
photoconductor; and 
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(e) comparing the at least one measured toner density for 
the at least one location to an aim toner density for the test image at the at 
least one location. 

8 A method for on-line image quality assessment of an image- 
forming device according to Claim 7, wherein step (d) further comprises 
determining the at least one measured toner density from the difference 
between at least one photoconductor density and at least one comb.ned 
photoconductor and toner density. 

9 A method for on-line image quality assessment of an image- 
forming device according to Claim 7, wherein the test image is a step tablet 
having at least one step corresponding to at least one step area on the 
photoconductor.whe^^ 

one step area. 

10 A method for on-line image quality assessment of ao image- 
forming device aooording to Cairn 7, v*ere,n toe a. least one measured toner 
Isltyisan average o, muKple dens«y measurements of toe affcasfone 

location. 

1 1 A method for on-line image quality assessment of an image- 
forming device according to Claim 10, wherein the multiple density 
measurements are equal to five measurements. 

n A method for on-line image quality assessment of an image- 
forming device according to Ciaim 7, wherein the density measuring dev.ce ,s 
a densimeter providing voltage readings corresponding to the dens.es. 

13 A method for on-line image quality assessment of an image- 
forming device having a photoconductor and an on-line densKy measunng 
device, comprising the steps of: 
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(a) measuring at least one photoconductor density with the 
on-line density measuring device for at least one location on the 
photoconductor; 

(b) charging a surface of the photoconductor; 

(c) optically exposing the surface to a test image, wherein an 
electrostatic image forms on the surface, the electrostatic image 
corresponding to the test image; 

(d) depositing toner on the photoconductor, wherein the 
toner is charged to form a toner image on the surface, the toner image 
corresponding to the electrostatic image; 

(e) measuring at least one combined photoconductor and 
toner density with the on-line density measuring device for the at least one 
location on the photoconductor; 

(f) determining at least one measured toner density based 
on the difference between the at least one photoconductor density and the at 
least one combined photoconductor and toner density; and 

(g) comparing the at least one measured toner density for 
the at least one location to an aim toner density for the test image at the at 
least one location. 

14. A method for on-line image quality assessment of an image- 
forming device according to Claim 13, wherein the test image is a step tablet 
having at least one step corresponding to at least one step area on the 
photoconductor, wherein the at least one location is the same as the at least 
one step area. 

1 5. A method for on-line image quality assessment of an image- 
forming device according to Claim 14, wherein: 

step (a) further comprises measuring the at least one 
photoconductor density for each of the at least one step area; 

step (e) further comprises measuring the at least one combined 
photoconductor and toner density for each of the at least one step area; 
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step (f) further comprises determining the at least one measured 
toner density for each of the at least one step area; and 

step (g) further comprises comparing the measured toner 
density for each of the at least one step area to the corresponding aim toner 
density for each of the at least one step of the step tablet 

16. A method for on-line image quality assessment of an image- 
forming device according to Claim 15, wherein: 

step (a) further comprises multiple measurements of the at least 

one photocondudor density; 

step (e) further comprises multiple measurements of the at least 

one combined photocondudor and toner density; 

step (f) further comprises determining the at least one measured 
toner density for corresponding multiple measurements of the at least one 
photocondudor densrty and the at least one combined photocondudor and 
toner density, averaging the at least one toner densities for each at least one 
step area to obtain an average measured toner density for each of the at least 

one step area; and 

step (g) further comprises comparing the average measured 
toner density for each of the at least one step area to the corresponding aim 
toner density for each of the at least one step of the step tablet. 

17. A method for on-line image quality assessment of an image- 
forming device according to Claim 16, wherein each of the multiple 
measurements are equal to five measurements. 

18 A method for on-line image quality assessment of an image- 
forming device according to Claim 13, wherein the densrty measuring device 
is a densitometer providing voltage readings conesponding to the densrt.es. 

19 A method for on-line image quality assessment of an image- 
forming device according to Claim 1 3, wherein step (g) further comprises 
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providing a comparison of the measured toner density and the aim toner 
density on an output interface of the image-forming device. 

20. A method for on-line image quality assessment of an image- 
forming device according to Claim 13, 

wherein the photoconductor has at least one image frame, 
wherein the steps (a) through (f) are performed on each at least 
one image frame, and 

wherein step (g) further comprises averaging the at least one 
measured toner density for the at least one location of the at least one image 
frame. 
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